Good preoperative preparation of the colon is a prerequisite for safe colorectal surgery, and poor preparation is accompanied by an increased risk of intestinal anastomotic dehiscence (Irvin & Goligher 1973) . The quality of bowel preparation is one of the factors which the surgeon may control prior to operation. Before 1970 bowel preparation was usually accompanied by a low residue diet, laxatives and enemata given over a period of 3 to 5 days (Muir 1968) . Following investigation of sodium and water absorption from the gut and the mechanisms of diarrhoea (Love et al. 1968) , saline irrigation was proposed as a method for bowel preparation. This method had the advantage of a much shorter preoperative hospital stay, and it was safe and effective (Hewitt et al. 1973) . Since then orthograde lavage has become increasingly popular. A number of changes and modifications have been employed in an attempt to reduce some of the side effects with saline as the perfusate. Most of these changes are based on physiological principles concerning the adaption of the gut to the perfusate or the changes brought about in the lumen of the bowel by the irrigation fluid.
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Whole bowel irrigation is of course contraindicated in patients with signs and symptoms or radiological evidence of obstruction. The choice of the solution for irrigation, and the rate at which it is perfused, are determined by the physiological principles outlined below.
Saline (Crapp et al. 1975 ) and more recently mannitol and polyethylene glycol have different physiological effects on the intestine. Saline relies on the volume and rate of perfusion for its cleansing effect. Release of cholecystokinin-pancreozymin by this method of preparation is minimal (Harvey & Read 1973) . Both mannitol and polyethylene glycol produce an osmotic gradient causing fluid to enter the lumen of the bowel. Thus smaller, volumes of perfusate are needed to present the same volume of fluid at the ileocaecal valve. The volume of fluid required for efficient cleansing of the gut is not known, but depends on a number of factors. The amount and consistency of the faecal residue in the colon, and the potential obstructive nature of the tumour (Arabi 1978) , will play an important part in determining the outcome of irrigation. . The rate of colonic perfusion depends on the flow through the small bowel. It is the flow rate through the small bowel which largely determines the absorption or secretion of fluid and electrolytes across the mucosa. The rate at which fluid will pass from the stomach during perfusion is in part controlled by' the sodium concentration of the perfusate: a sodium concentration of 125 rnmol/l has been shown to allow more efficient gastric emptying (Hunt 1963) . At low flow rates the perfusate will be moved through the small bowel by a series of isolated boluses. As flow increases a steady state is reached whereby more intestinal mucosa may be able to take part in absorption and secretion (Love et al. 1968) , and flow is continuous. As the rate of flow of saline injection increases so sodium and water absorption increase until at 5 l/h the capacity of the mucosa is reached. Flow needs to be greater than 0.5 l/h in order to reduce transit time (Dillard et al. 1965) . Probably the most efficient and least physiologically disturbing flow rates are 1-l.51/hour.
The majority (90%) of sodium absorption occurs in the small bowel (Fordtran et al. 1961) , while a small proportion (10%) is absorbed in the colon (Levitan et al. 1962) . The net change is a result of active and passive colonic flux. A balanced electrolyte solution used in conjunction with polyethylene glycol is designed to minimize these exchanges and reduce water absorption. The sodium concentration of 125 mmol/l is the optimum for gastric emptying. A high sulphate concentration reduces active sodium absorption (Turnberg et al. 1970) , whilst any that does occur is balanced by passive excretion.
Techniques
The techniques of whole bowel irrigation using saline (Hewitt 1973 , Minnervini et al. 1980 , mannitol (Newstead & Morgan 1979) and polyethylene glycol (Ambrose et al. 1983 ) are well described. The rate at which the patient receives the fluid may be achieved by either gravity infusion or at a specific rate by a rotary pump. However, all methods necessitate close observation of the patient to ensure that obstructive symptoms do not develop. Defaecation usually begins between 40 and 90 minutes after commencing irrigation, and thereafter the patient is required to sit on or close to a padded commode. It is important to provide as private a situation for these patients as possible. The flow is allowed to continue at a steady rate until the faecal effluent contains no faecal residue. It will not become colourless but slightly yellow with no solid material. At this point the flow of fluid may be stopped and the patient allowed to defaecate at will without remaining next to the commode. Only clear fluids are then allowed until operation.
A comparison of the effects of the three major solutions for bowel preparation is shown in Table I .
Whole bowel irrigation with saline (Minnervini et al. 1980) This method of preparation requires the passage of a nasogastric tube and the infusion of up to 12 litres of isotonic saline at 37°C. In some cases this may take up to 12 hours. The average time required of 4.4 hours means a flow rate of some 3 l/h. At this rate the net absorption of fluid from the whole gut is 10-12 ml/min (Love et al. 1968) , and the absorption of sodium 1.25-1.75 mmol/min. Minnervini's (1980) study confirmed previous work and showed that there was a net fluid gain of 2740 ml associated with a rise in total sodium of 564 mmol, with a small but insignificant rise in serum sodium (1.8 ±0.9 mmolfl). Ambrose (1982) Changes in serum potassium (-0.13 ±0.11 mmol/l) and total potassium loss of 73 mmol were insignificant. The absorption of this volume of fluid in the elderly may precipitate left ventricular failure. Whole bowel irrigation with saline does not markedly alter the concentration of aerobic or anaerobic bacteria in the colon . It is also not associated with alterations of intestinal gas , producing explosive mixtures. Neither hydrogen nor methane is explosive in the presence of less than 5% oxygen (Gas Engineers Handbook 1934). Saline whole bowel irrigation provides an efficient 'dry' bowel preparation. The disadvantages are that a nasogastric tube is required, and high flow rates lead to sodium and water absorption.
Mannitol (Minnervini et al. 1980) When first introduced in 1979 (Newstead & Morgan 1979) , mannitol was adopted in many centres in preference to whole bowel irrigation with saline. No nasogastric intubation is required and because of the action of mannitol in the gut the patient is required to drink less fluid. Mannitol acts by its osmotic effect; there is movement of fluid from the vascular compartment into the lumen of the small bowel. The delivery of a large volume of fluid at the ileocaecal valve provides good clearance of the right colon and this method of preparation is advocated for barium enema and colonoscopic preparation (Newstead & Morgan 1979) .
If mannitol alone is used (500 ml 20% solution) then not enough fluid is present in the bowel to achieve good clearance. It also provokes quite marked physiological effects. Because of the flux of fluid into the bowel, the total sodium loss is in excess of 200 mmol and the serum sodium may fall by more than 3 mmol/I (Minnervini et al. 1980) . Mannitol is also associated with a small fall in serum potassium. Mannitol therefore requires the addition of fluid by mouth to provide extra volume. The dehydrating effect may be overcome by simultaneous intravenous infusion (Hares et al. 1982) , but this would seem only to complicate an already unpleasant procedure.
Mannitol may be fermented by certain colonic bacteria, notably Escherichia coli. It has been shown that mannitol is associated with an increase in the amount of E. coli in the colon, which is accompanied by an increased risk of postoperative sepsis . One of the products of fermentation is hydrogen, and mannitol is also associated with an increase in the incidence of colonic hydrogen . Within its explosive range (4-72%), and in the presence of greater than 5% oxygen, hydrogen is explosive. In the operating theatre if the volume of intraluminal gas is not high it may not present a great explosive risk, but explosion has been reported (Zanoni et al. 1982) . However, in the enclosed space of colonoscopy, explosion is a real hazard (Bond & Levitt 1975 ).
. It is quite possible for explosive gas mixtures to be present in the absence of hydrogen. Methane is a product of anaerobic bacterial action on faecal residue and is explosive in the range 5-15%, or at lower concentrations in the presence of oxygen (Bond et al. 1971) . Thus poorly prepared bowel, irrespective of the type of irrigation, may provide explosive mixtures. Hence mannitol, despite its advantages over saline lavage, has a number of theoretical and practical disadvantages which limit widespread use.
Polyethylene glycol (PEG) r
Polyethylene glycol has for some years been used as an inert marker for measuring transit times in the gut (Davis et al. 1980) . Despite its different molecular structure, it has similar osmotic properties to mannitol. It may therefore be substituted for mannitol as a bowel preparation.' It has the advantage of not being fermented by E. coli and is not associated with the presence of hydrogen in the colon or a rise in intraluminal E. coli (Ambrose et al. 1982) .
Used as a sole agent it would have similar electrolyte and fluid effects as mannitol. Used in conjunction with a balanced electrolyte solution (Table 2 ) these effects may be minimized (Davis et al. 1980 , Ambrose et al. 1982 . It may be administered orally, flavoured with peppermint and saccharin to hide the salty taste, or perfused through a nasogastric (or finebore feeding) tube. The net fluid change associated with bowel preparation using this solution is smaller than with either saline or mannitol preparation (50 ml and 280 ml respectively). It takes the same time to reach a standard end point and the same volume of fluid is required. Total sodium and potassium changes are insignificant (see Table I ).
Polyethylene glycol would appear, therefore, to have a number of advantages over both mannitol or saline injection.
Conclusions
Due to the constraints of hospital beds and economy, an increasing number of surgeons are turning to some form of whole bowel irrigation prior to elective colorectal surgery. All forms of bowel preparation are a disturbing and frightening experience for the patient. A method which is quick, tolerable and safe, and which gives the desired end result, should therefore have many advantages.
Although saline whole bowel irrigation offers an acceptably clean colon to the surgeon, it has a number of disadvantages. Primarily it is an uncomfortable procedure for the patient requiring a nasogastric tube and a feeling of fullness, often associated with nausea. Both mannitol and polyethylene glycol may be given orally. Mannitol, unless accompanied by oral antibiotics is associated with explosive gas mixtures and a possible increase in postoperative sepsis. Both mannitol and polyethylene glycol cause much of their effect by osmosis, but the changes seen in the patient's electrolyte balance are much less using polyethylene glycol and a balanced electrolyte solution. Used in this way, polyethylene glycol offers a quick, safe and acceptable method of orthograde bowel preparation.
